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Abstract ─ In this work, enhancement of the radiation 
performances of horn antennas are worked out within 
their operation bandwidth by placing the miniaturized 
Frequency Selective Surface (FSS)s perpendicularly into 
the inner part of their flares. Here each FSS consists of 
only a single miniaturized double-sided inverted T-
shaped square unit cell designed on the low-cost FR4 
with relative permittivity 4.4, loss tangent 0.0035 and 
thickness 1.58 mm in 3D CST environment so that it is 
able to focus the propagating electromagnetic waves to 
increase the directivity properties like a dielectric lens, 
while keeping the mismatching characteristics with less 
size and low manufacturing cost compared to its counter 
parts. Herein an exponentially tapered TEM horn with 
the operation bandwidth of 5-13 GHz is taken as an 
example horn antenna for measurements. From the 
measured results of the prototyped module, it can be 
observed that the proposed module keep mismatching 
characteristics of the horn antenna, meanwhile the gain 
and beam widths are enhanced to amplify the signal in 
the operation band without any increase in the total 
volume of the module or making the design bulky. Thus, 
it is expected that this methodology can be implemented 
to horn antennas effectively reducing volume and cost of 
communication systems. 
 
Index Terms ─ Enhancement, FSS, gain, horn antenna, 
TEM horn, UWB. 
 
I. INTRODUCTION 
Frequency Selective Surfaces (FSSs are typically 
designed on planar periodic arrays of metal patches or 
slots with filtering characteristics of electromagnetic 
waves aimed at certain frequencies that could be tuned 
with change at the geometrical parameters of the unit 
element and dielectric shape [1-5]. In fact, because of this 
band stop feature, FSSs become very important and widely 
used for antennas and radars’ cross-section reduction in 
modern military platforms such as ships, aircrafts, and 
missiles. Communication systems in these platforms are 
always enclosed with FSSs. As electronic devices can be 
destroyed by strong electromagnetic interference (EMI), 
the anti-interference capability of communication systems 
in these platforms is urgently required. Thus, these make 
it required to design antenna and FSS as an integrated 
module called the filtering antenna with the typical 
works [3-5]. In the recent work [5], a Modified Double 
Square Loop (MDSL) unit element is designed to build 
a dual-band FSSs to be placed perpendicularly the 
aperture of a horn antenna as a band-stop prefilter for 
mobile communication (GSM) frequency bands operating 
at 900 and 1800 MHz simultaneously. Also FSS design 
can be used for absorbers by coatings their surfaces to 
selectively allow certain frequencies to pass through [6-
7]. Aim of this work is to design miniaturized FSSs  
for enhancement of gain and beamwidths of the horn 
antennas by inserting perpendicularly into the bottom  
of their apertures while keeping their mismatching 
characteristics in their operation bandwidths. For this 
purpose, double-sided inverted T-shaped square is 
designed in 3D CST environment as a unit cell subject to 
the 5-13 GHz bandwidth of the exponentially tapered 
horn antenna available in our laboratory. Three unit cells 
are found to be sufficient to be placed to the bottom of 
its aperture for the enhancement of gain and beamwidth. 
In the next section, design and fabrication of the FSS 
loaded horn antenna will be given. Measurements will be 
followed in the third section, and finally the paper ends 
conclusion section. 
 
II. DESIGN CONSIDERATIONS AND 
SIMULATIONS 
A. TEM horn antenna 
An exponentially tapered TEM horn with the 
operation bandwidth of 5–13 GHz is considered as a 
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prototype antenna for the gain and beamwidth 
enhancement (Fig. 1). The geometrical dimensions of the 




Fig. 1. 3-D view of an exponentially tapered TEM. 
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B. FSS unit element: Double-sided inverted T-shaped 
square 
Herein it is aimed to design FSSs for the horn 
antennas functioning as a dielectric lens in the requested 
frequency band so that they can be fixed in the inner  
parts of their flares, simply using foams or the equivalent 
materials with the unit relative dielectric constant. For 
this mean, a double sided inverted T-shape square is 
selected as a suitable geometry design to be prototyped 
on low cost dielectric substrate FR4 (relative permittivity 
4.4, loss tangent 0.0035, thickness 1.58 mm) given in 
Fig. 2 and its design schematic in Fig. 3.  
Design and optimization process of the FSS model 
is carried out in CST environment with respect to the 
design goals of enhanced horn antenna design so that the 
unit element of FSS design would act as a band pass filter 
with the requested operation band of 5-13 GHz and 
increase the directive of the horn antenna. The simulated 
scattering parameters of the optimized unit FSS design 
are given in Fig. 4 alongside of its parametric values  
in Table 2. As it can be seen from Table 2, the size of 
designed FSS model is suitable to be used as FSS array 
and can easily be fitted to the inner part of the horn 
antenna. In Fig. 5 the antenna module itself is presented, 
alongside of the antennas simulated return loss and gain 
characteristics in Figs. 6-7, where Z and the gap are taken 
as parameters, defined as the distances of the FSS unit 
from the aperture and between its elements. The optimal 
values for gap and Z are taken as 8 mm and 5 mm. 
Furthermore, the surface current and H-field distributions 
of the antenna are given, respectively in Figs. 8-9. As can 
be observed from these figures, FSS unit causes the 
current and H-field to be intensified in the inner part of 
the flare as can be expected which result in enhancement 
of the gain within the operation band. In the next section 
of the work the experimental results of prototyped FSS 
design will be given. 
 
 (a) (b) 
 
Fig. 2. Double-sided inverted T-shaped square: (a) top 










Fig. 3. Design schematic of double-sided inverted T-




Fig. 4. Scattering characteristics of the FSS unit cell. 
 
Table 2: Geometrical parameters of optimally designed 
double-sided inverted T-shaped square unit cell in mm 
W1 W2 W3 
8 0.2 5.2 
L1 L2 L3 







Fig. 5. Complete module. 






Fig. 6. Simulated: (a) maximum gain, and (b) S11 with 








Fig. 7. Simulated: (a) maximum gain, and (b) S11 with 
respect to the FSS’s; gap Z=0. 
 
 (a) (b) 
 
 (c) (d) 
 
Fig. 8. Surface current distribution for 9 GHz: (a) with 




 (a)   (b) 
 
 (c)   (d) 
 
Fig. 9. H-Field distribution for 8 GHz: (a) with FSS and 




In this section the measurement results of the 
prototype module are presented. The return loss, 
transmission characteristic, maximum far field gain and 
radiation pattern of the proposed module are measured 
using two identical antennas in [8] as a reference 
antenna, the measurement setup is presented in Fig. 10 
and the measurement results are given in the Figs. 11-13. 
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In Fig. 11, the measured return losses of the module 
are given. As seen from the Fig. 11, placing FSS unit into 
the inner part of antenna aperture does not cause any 
disruptive effect on the return loss performance of  
the antenna in the operation band. Figures 12 and 13 
present the measured transmission and radiation pattern 
characteristics of antennas and modules at maximum 
gain direction ɸ=900, ɵ=900, respectively. As it can be 
seen from these characteristics, the proposed FSS unit 
increases the gain in the desired bandwidth 6–13 GHz, 
while keeping the return loss characteristics. 
 
 




Fig. 10. Fabricated (a) unit double-sided inverted T-









Fig. 12. Measured transmission characteristics. 
 
 
 (a)   (b) (c) 
 
 (d)   (e) (f) 
 
Fig. 13. Measured radiation patterns of the horn and FSS loaded horn antenna. 
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In Fig. 13, the measured radiation patterns of the 
antennas are presented. Furthermore the gains and 3 dB 
beam widths are also given in Table 3, respectively. 
From the characteristics in Figs. 13 (a)-(f), Tables 2 and 
3, one can see the directivities of the horn are 
significantly increased after the implementations of FSS 
structures. 
 
Table 3: Measured gain (dB) at ϕ=900, θ=900 and 3dB 
beamwidth (degree) measurement results 
Frequency 
(GHz) 
Gains at ϕ= θ=900 3dB Beamwidth 
No FSS FSS  No FSS FSS  
5 10.1 9.7 60 60 
6 12.4 10.9 90 100 
7 9.5 10.9 94 80 
8 7.5 10.7 110 80 
9 9.7 11.3 100 20 
10 6.4 8.2 90 60 
11 6.5 10.2 120 50 
12 8.3 9.8 20 30 
13 7.4 10.3 40 40 
 
Table 4: Comparison of gain enhancements of typical 






Gain Enhancement (dB) 
Over Operation 
Band (GHz) 
5 7 9 11 13 
Here 5-13 8x8 0 1.4 1.3 4 3 
[9] 5-15 16x16 2 0 0.5 0.2 1 
[10] 1-15 60x100 4 3 5 0 0 
 
Table 5: Comparison of mismatching S11 (dB)s of 














5 -13 -11 -12 -10 -15 
7 -17 -20 -8 -14 -17 
9 -16 -16 -20 -26 -15 
11 -13 -13 -17 -9 -9 
13 -12 -16 -25 -17 -7 
 
Furthermore comparisons of the gain enhancements 
and mismatching S11 (dB)s among the typical macro - 
designed horn modules loaded dielectric lens [9] or 
dielectric [10] are given in Tabless 4 and 5, respectively. 
From these tables, one can infer that our proposed horn 
module using the miniaturized FSSs can work much 
more effectively than the counterparts within the planned 




In this work, design of miniaturized FSS are carried 
out for gain enhancement of Horn Antennas to be placed 
to the inner part of horns flares. As it can be seen from 
the measurement results, the proposed module functions 
similar performance with the traditionally dielectric lens 
loaded horn antennas with less size and low manufacturing 
cost. The prototyped module keeps mismatching 
characteristics of the horn antennas, meanwhile the gain 
and beam-widths are enhanced to amplify the signal in 
the desired band without any increase in the total volume 
of the module or made the design bulky. Thus, it is 
expected that this methodology can be implemented to 
effectively reduce volume and cost of communication 
systems. This novel design methodology can easily be 
implemented in the communication systems where 
manufacturing cost, volume and weight of the module 
are at most importance needed for structural constraints. 
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